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ABSTRACT 
Laboratory,  greenhouse  and  field  studies  show  that  CIPC  pretreat- 
ments  alter  2,U-D  resistant  monocot  species  making  them  susceptible  to 
subsequent  2,U-D  treatments.   Pretreatment  with  1  lb/A  CIPC  followed  1- 
several  weeks  later  by  1  lb/A  2}k-D   has  given  control  of  wild  garlic 
(Allium  vineale)  and  eradication  of  yellow  nutsedge  (Cyperus  esculentus' 
along  roadsides  and  in  turf. 


It  is  a  basic  tenet  of  weed  science  that  grasses  and  grass-like 
plants  (monocotyledons)  are  resistant  to  2}k- D  and  related  herbicides 
of  the  auxin  type.   However,  when  excised  plant  parts  are  incubated  in 
solutions  containing  the  growth  regulator ,  both  monocots  and  broad- 
leaved  dicots  respond  to  these  materials  to  very  nearly  the  same  extent 
(2).  On  the  basis  of  such  laboratory  findings,  we  reasoned  that  mono- 
cots could  be  killed  with  2,^-D  and  related  herbicides  if  enough  of 
the  herbicide  were  directed  to  critical  cells  and  tissues.   For  the 
past  several  years,  experiments  in  our  laboratory  have  been  concerned 
with  developing  techniques  of  2,U-D  application  that  might  overcome  the 
2,U-D  resistance  of  monocots  and  render  them  susceptible  to  2,U-D. 

Initially  it  was  found  that  application  of  2,U-D  in  dimethylsul- 
foxide  (DMSO)  was  effective  in  providing  control  of  liliaceous  plants 
notably  onion  (Allium  sepa)  and  wild  garlic  (Allium  vineale)  (3)  in 
the  greenhouse  but  not  in  the  field.   The  ineffectiveness  of  2,^--D  in 
DMSO  in  the  field  was  thought  possibly  due  to  the  increased  deposition 
of  surface  waxes  and  cuticle  which  characterize  field-grown  plants  rela- 
tive to  greenhouse -grown  plants.   We  reasoned  that  pretreatment  with  a 
carbamate  herbicide  to  retard  cuticle  production  (l)  might  facilitate 
expression  of  the  desired  2,14--D  plus  DMSO  synergism.   Greenhouse  studies 
in  I969-7O  revealed  that  CIPC  pretreatment  of  monocots  did  markedly 
alter  their  susceptibility  to  2,14-D.   However,  the  interaction  could 
not  be  explained  solely  on  the  basis  of  cuticular  or  surface  wax  changes. 
It  seemed  to  involve  the  creation  of  herbicide  sinks  in  buds  and  other 
meristematic  regions  so  that  translocation  and/or  concentration  of  herbi- 
cide to  these  sinks  was  facilitated.   The  end  result  was  that  at  least 
certain  species  normally  resistant  to  2,U-D  were  killed  by  2,k-T)   at 
doses  comparable  to  those  providing  control  of  broad-leaved  dicots. 
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Materials  and  Methods 

For  greenhouse  studies,  wild  garlic  plants  (Allium  vineale)  col- 
lected from  the  field  near  Lafayette,  Indiana  in  February  and  March  1970 
when  the  plants  were  k-3   inches  high  were  potted  in  6-inch  plastic  pots. 
Thoy  were  treated  with  l/2-2  lb/A  CIPC  in  Uo  gpa  water  within  several 
days  after  normal  growth  (en.   0-5  inch/day)  had  resumed.   2,U-D  (1  lb/A) 
in  water  or  DMSO  (hG   gpa)  was  applied  subsequently  after  6,  8,  10  and 
12  inches  of  growth.   Rate  of  top  ':ill  was  recorded  and  after  3  months 
the  underground  bulbs  were  recovered  and  examined.   Surface  waxes  were 
determined  according  to  Gentner  (l).   Greenhouse  studies  with  yellow 
nutsedge  (Cyperus  esculentus)  were  conducted  with  plants  collected  in 
September  and  grown  in  metal  pans  or  plastic  pots  (Table  2) . 

Field  studies  with  wild  garlic  were  located  in  Tippecanoe  County, 
Indiana  in  a  roadside  situation.  Plots  were  12  x  20  feet  in  an  over- 
lapping, nonrandomized  bloclc  design.   Details  of  treatment  were  provided 
in  Table  1.   Growth  rates  of  wild  garlic  in  the  field  were  comparable 
to  those  obtained  in  the  greenhouse,  at  similar  temperatures.   Estab- 
lished yellow  nutsedge  growing  in  bluegrass  turf  was  mowed  to  a  height 
of  about  k   inches  on  June  1.   The  following  day,  the  plants  were  treated 
with  CIPC  as  described  in  Table  3-   The  plants  were  again  mowed  and 
treated  with  2,U-D  (Table  3)  on  June  18. 
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Results  and  Discussion 

Greenhouse  studies  showed  that  2,k-D   applied  in  DMSO  killed  top 
growth  of  wild  garlic  and  reduced  bulb  development  irrespective  of  CIPC 
treatment.   However,  at  the  l/2  and  1  lb/A  rates  of  CIPC  the  killing 
action  of  2,U-D  was  enhanced.   Plants  receiving  CIPC  followed  by  2,U-D 
were  characterized  by  extensive  cell  division  and  enlargement  of  cells 
in  below  ground  parts  which  resulted  in  a  tumor --or  callus-like  appearance 
of  bulb  tissues.  All  2,k-~D   treated  plants  produced  predominantly  soft, 
white  bulbs  in  contrast  to  the  hard,  brown  bulbs  characteristic  of  un- 
treated plants  and  plants  receiving  CIPC  alone.   CIPC  alone  appeared  to 
have  no  detrimental  effect  on  growth  of  wild  garlic  in  the  greenhouse 
and  some  antagonism  with  2,U-D  in  terms  of  rate  of  kill  of  top  growth 
was  noted  at  the  2  lb/A  rate.  After  2  inches  of  growth,  2  lb/A  CIPC 
caused  a  reduction  of  about  30$>  in  amount  of  wax  per  plant  with  the  l/2 
and  1  lb /A  rates  showing  a  similar  reduction  after  k   inches  of  growth. 
After  6  inches  of  growth  all  rates  of  CIPC  were  comparable  giving  about 
hQPJo   reduction  in  surface  wax.   Effectiveness  of  the  2,U-D  treatments 
decreased  with  increasing  plant  height  and  was  most  effective  with  plants 
less  than  8  inches  tall  at  the  time  of  treatment. 

In  the  field,  all  wild  garlic  plants  receiving  2,^-D  were  deformed 
and  chlorotic  6  weeks  following  treatment;  the  most  effective  treatments 
being  those  in  which  the  foliage  was  crushed  mechanically  prior  to  appli- 
cation of  2,h-T)   (Table  l)  .   In  terms  of  control  of  top  growth  alone, 
the  CIPC  treatment  had  little  or  no  effect  (Table  l)  and  applications 
of  2,^-D  in  either  water  of  DMSO  were  equivalent  (data  not  shown).   How- 
ever, in  those  plants  treated  in  the  absence  of  mechanical  damage,  the 
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CIPC  pretreatment  had  an  effect  (Table  1),  but  again  it  made  no  dif- 
ference if  the  2,U~D  was  applied  in  DMSO  or  not. 

Irrespective  of  results  with  top  growth,  effective  kill  of  bulbs 
by  2,U-D  was  dependent  upon  pretreatment  of  the  plants  with  CIPC.   In 
general^  CIPC  alone  had  no  detrimental  effect  on  bulbs.  2}h-T)   alone  re- 
sulted in  bulb  damage  but  not  enough  to  provide  control.   The  combination 
of  CIPC  followed  by  2,U-D  caused  extensively  deformed  bulbs  which  at  the 
time  of  examination  were  decomposing  and  in  many  the  roots  were  dead. 
In  spite  of  the  synergistic  interaction  of  CIPC  and  2,U~D,  mechanical 
disruption  of  foliage  was  still  necessary  to  achieve  effective  control 
of  wild  garlic  with  the  combination  (Table  1) . 

The  basis  for  the  CIPC  followed  by  2,U-D  interaction  remains  elusive, 
Data  obtained  in  the  field  do  not  confirm  the  greenhouse  observations 
that  CIPC  pretreatment  resulted  in  a  significant  reduction  of  surface 
waxes.   Furthermore,  neither  CIPC  pretreatment  or  mechanical  injury  re- 
sulted in  an  enhancement  of  2,^-D  activity  by  application  in  DMSO. 

The  CIPC--2,U-D  interaction  was  shown  most  clearly  in  studies  with 
yellow  nutsedge.   In  the  greenhouse,  CIPC  followed  by  2,U-D  resulted  in 
nearly  complete  kill  of  top  growth  accompanied  by  proliferation  of  tis- 
sues at  the  base  of  the  plant  (Table  2).   Since  neither  2,U-D  or  CIPC 
alone  had  any  measurable  effect  on  nutsedge,  these  results  show  true 
synergism.   The  field  studies  with  yellow  nutsedge  confirmed  the  green- 
house evaluations  in  that  CIPC  followed  by  2,1+-D  proved  to  be  effective 
as  a  control  measure  for  this  normally  2,4-D  resistant  monocot  (Table  3), 
Evaluations  2  months  and  k   months  after  treatment  revealed  no  regrowth 
from  the  treated  nutsedge  plants  whereas  control  plants  were  still 


producing  new  growth.  Bluegrass  was  not  killed  by  the  combination  but 
we  have  no  data  on  possible  effects  on  growth  rate.   Greenhouse  experi- 
ments with  fescue  suggest  that  while  established  grasses  may  not  be 
killed  at  low  rates  by  the  CIPC-2,U-D  combination,  growth  is  retarded 
and  the  plants  may  show  symptoms  of  2,,+-D  injury. 
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TABLE  1 
Response  of  Wild  Garlic  (Allium  vineale)  to  CIPC  -  2,U-D  combination 
treatments.   Plants  were  pretreated  March  22,  1970  at  the  5-inch  stage 
of  growth  with  or  without  1  lb/A  CIPC  followed  by  treatment  on  April  16 
at  the  7  l/2-inch  stage  of  growth  with  or  without  1  lb/A  2,U-D  amine  in 
Uo  gpa  water.   Plants  in  one-half  of  each  treated  plot  were  flattened 
with  a  lawn  rake  to  crush  the  foliage  and  mechanically  rupture  surface 
waxes  and  cuticle  prior  to  2,U-D  treatment.   Evaluations  were  made  on 
May  28  approximately  6  weeks  following  the  2,k--B   application.   Values 
followed  by  the  same  letter  are  not  significantly  different. 


Pretreatment 


None 


CIPC 


None 
CIPC 


Plant  Hei 

ght; 

%   Mature 

;  Plants  With 

Treatment 

Inches 

Flowers 
100  a 

Solid  1°  Bulbs 

None 

22  a 

100  a 

2,U-D 

Ik   b 

50  a 

86  b 

None 

22  a 

100  a 

96  a 

2,^-D 

12  b 

30  b 

82  b 

Foliage  crushed  prior  to  treatment  with  2;U~D 
2;4-D        10  b  7c        50  b 

2,k-H  9b  8c        0  c 
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TABLE  2 
Effect  of  CIPC  (1  lb/A)  pretreatraent  and  2,1+-D  (l  lb/A)  treatment  9 
days  later  alone  and  in  combination  on  the  growth  of  established  yellow 
nut sedge  (Cyperus  esculentus)  in  the  greenhouse. 


Pretreatment 

Treatment 

Plant 

s  killed  f0 

None 

None 

10 

None 

2,U-D 

10 

CIPC 

None 

16 

CIPC 

2,1+-D 

75 

- 
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TABLE  3 

Effect  of  CIPC  (1  lb/A)  pretreatment  on  June  1  and  2,^-D  (1  lb/A) 

treatment  on  June  18  in  water  (Uo  gpa)  on  growth  of  established  yellow 

nutsedge  (Cyperus  esculentus)  in  the  field. 

Plant  height  after   Growth  after 
Pretreatment       Treatment      1  week     2  weeks    2  months 


None  None  7         15         normal 

CIPC  2tk-T3  k  k  none 


